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ON/OFF REFERENCE VOLTAGE SWITCH 
p/^p MTTT TlPT F. I/O STANDARDS 


Field of iDvention 

The present invention relates to the field of digital circuitry and programmable 
logic devices. More particularly, it relates to an on/off switch circuit for selectively 
passing an input reference voltage, needed in some I/O standards but not others, to mput 
buffer circuits in a logic device. 


Rayk ground «f thft Tnvention 

Digital electronic systems are commonly implemented by combining and 
intetcomiecting several different integrated circuit (IC) devices such as processors, 
memory devices and programmable logic devices. Programmable logic devices (PLDs) 
are standardized ICs that are readily customizable to perform desired functions. The 
a various IC devices have input/output (I/O) terminals, typically pins or pads on the device. 

B that communicate with one another by way of input and output signals transmitted over a 

2 15 system bus. An I/O power supply VCCJO provides the necessary power for each device 

to drive I/O signals over the system bus. Many IC devices, including several types of 
L PLDs also have a separate internal core power supply VCC.INT that is used for 

1; processing signals within the device. Tlie core power supply signal VCC JNT and the I/O 

3 power supply signal VCC JO are often at different voUage levels, and the VCC JO 
supply may also be more noisy than the internal core supply VCC.INT. With newer IC 
devices and I/O standards, the VCC _INT and VCC JO power supply voltage levels are 

Steadily being lowered. 

Advances in process technology have also resulted in a proUferation of different 
standards, and IC devices may therefore communicate with one another using a variety of 
I/O standards. In addition to having different VCC JO requirements, I/O standards may 
also differ in that they operate using either single-ended, differential, or voltage- 
referenced input signals. For example, basic TTL (Transistor-Transistor Logic) and 
LVTTL (low voltage TTL) are single-ended VO standards in which all input signal levels 
are taken with respect to circuit ground, e.g., VSS. In differential type standards, such as 
LVDS (Low Voltage Differential Signaling), differential inputs are required so that there 
are two I/O terminals (or rails) for each input signal. 
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In voltage-referenced I/O standards, the I/O structures also use differential 
amplifier inputs, however one input of each differential amplifier is tied to a common 
input reference voltage. In many standards, the reference voltage is in the range of 0.7 - 
1.5 V. Thus, unlike single-ended and differential type I/O standards, voltage- referenced 
I/O standards require that a separate input reference voltage be provided to an IC device. 
Existing voltage referenced I/O standards include the HSTL (High Speed Transceiver 
Logic) and SSTL (Stub Series Terminated Logic) standards commonly used for 
high-speed memory, as well as the GTL (Gunning Transceiver Logic) standard used for 
high speed, low power backplane communications. 

In some logic devices, particularly PLDs, the I/O terminals are programmable and 
the device supports operation according to several different I/O standards. In these 
devices, the same I/O terminals receive input signals regardless of the I/O standard being 
used. A dedicated I/O terminal may be used to receive the input reference voltage 
necessary for operation in a voltage-referenced I/O standard. However, since some I/O 
standards do not use an extemally supplied input reference, a switch circuit is needed to 
pass the reference voltage to I/O buffer circuits for standards that require it and block 
that transmission for standards that do not. Unfortimately, existing switch circuits are 
often not capable of adequately passing the reference voltage to the input buffers since 
the VCC_IO supply powering the switch circuit for a given voltage-referenced standard 
is relatively low (e.g., 1,5 V or less). As a result, one or more transistors in the switch 
circuit may not turn on sufficiently due to the low voltage supply levels. When such 
inadequate powering of the transistors occurs, the level of the reference voltage output by 
the switch circuit is too low. This is a significant concem in many PLDs, since low 
VCC_IO levels are becoming more common in advanced process technologies. 
Consequently, there is a need for a more effective on/off input reference voltage switch 
circuit suitable for use in devices using standards having a low VCC_IO power supply. 

Summary of the Invention 

The present invention relates to a switch circuit that selectively provides a 
reference voltage, needed for operation in some I/O standards but not others, to a logic 
device. The switch circuit is thus suitable for use in logic devices capable of operating in 
multiple I/O standards where at least one the standards is voltage-referenced and at least 


one other is not. The switch circuit receives a dedicated power supply signal that is 
different and separate from an I/O supply for the device ~ at least when the switch is in 
an on state. (Optionally, a node for providing the dedicated supply signal may be shorted 
to the I/O supply when the switch is in a high impedance OFF state). The switch circuit 
5 includes a transmission switch circuit that passes the reference voltage from a 

transmission switch input to a transmission switch output in response to, at least, a first 
control signal. The first control signal has a logic level determined by the dedicated 
supply signal. The dedicated supply signal may have a voltage level greater than the 
lowest specified I/O supply signal level for any voltage-referenced standard. In one 
10 embodiment, the dedicated supply signal has a voltage level of about 2.5 V or greater. 

In one embodiment, the switch circuit includes a logic level shifting circuit for 
receiving, typically from a logic core of the device, a master control signal having a logic 
M. level determined by a first supply signal, typically the core power supply. The logic level 

shifting circuit provides a first control signal having a logic level determined by the 
15 dedicated supply. For example, when the master control signal is at a logic high level 
determined by a first supply signal, the first control signal is at a logic high level 
determined by the dedicated supply signal. 

The transmission switch circuit may include a transistor having a control terminal 
U for receiving the first control signal. In one embodiment, that transistor is an NMOS 

y 20 transistor having a gate terminal for receiving the first control signal, a source terminal 
U that provides the transmission switch circuit input, and a drain terminal that provides the 

transmission switch circuit output. In another embodiment, the transmission switch 
circuit includes first and second NMOS transistors connected in series and each having a 
gate terminal for receiving the first control signal. 
25 In a fiirther embodiment, the transmission switch is a CMOS transmission gate 

with one or more NMOS transistors, each having a gate terminal for receiving the first 
control signal, in parallel and one or more PMOS transistors, each having a gate terminal 
for receiving a second control signal. The PMOS transistor(s) are in parallel with the 
NMOS transistor(s), and the transmission switch circuit passes the reference voltage 
30 signal in response to both the first and second control signals. The second control signal 
is complementary to the first control signal, and may be generated by another level 
shifting circuit so that it has a logic level determined by the I/O supply. In this 
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embodiment, a source teraiinal of the first NMOS transistor and a source terminal of the 
first PMOS transistor provide the transmission switch circuit input, and a drain terminal 
of the second NMOS transistor and a drain terminal of the second PMOS transistor 
provide the transmission switch circuit output. In addition, the drain terminal of the first 
5 NMOS transistor is coupled to the source terminal of the second NMOS transistor, and 
the drain terminal of the first PMOS transistor is coupled to the source terminal of the 
second PMOS transistor. 

The switch circuit may further include a third PMOS transistor having a gate 
terminal for receiving the first control signal, a drain terminal coupled to the source 
10 terminal of the second NMOS transistor in the transmission switch, and a source terminal 
coupled to the dedicated supply signal. This transistor protects the switch circuit firom a 
voltage overshoot at the transmission switch input. Similarly, to protect against a voltage 
undershoot, a third NMOS transistor may be employed. In this case, the third NMOS 
transistor has a gate terminal for receiving the second control signal, a drain terminal 
W 1 5 coupled to the soxirce terminal of the second PMOS transistor in the transmission switch, 
^4 and a source terminal coupled to a common supply reference. 

The output of the transmission switch circuit is typically coupled to one or more 
input buffers for one or more I/O terminals of the logic device. 

20 Brief Description of the Drawings 

The objects and advantages of the present invention will be better understood and 
more readily apparent when considered in conjunction with the following detailed 
description and accompanying drawings which illustrate, by way of example, preferred 
embodiments of the invention and in which: 
25 Fig. 1 is a circuit diagram of a input reference voltage switch circuit for a logic 

device in accordance with one embodiment of the present invention; and 

Fig. 2 is a circuit diagram of an implementation of the logic level shift circuits in 

Fig. 1. 

30 Detailed Description of Preferred Embodiments 

Fig. 1 is a circuit diagram of an input reference voltage switch circuit 100 in 
accordance with an embodiment of the present invention. Switch circuit 100 includes a 
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transmission switch circuit 1 10 and two logic level shift circuits 120 and 130. 
Transmission switch 110 receives a reference voltage signal VREF at an I/O terminal 105 
and is operable to selectively pass that signal to a transmission switch output 1 15. In one 
embodiment, transmission switch 1 10 is implemented as a CMOS (complementary 
metal-oxide semiconductor) transmission gate having at least one NMOS (n-channel) 
transistor and one PMOS (p-channel) transistor in parallel. Transmission switch 1 10 may 
include two series-connected NMOS transistors Tl and T2 in parallel with two series- 
connected PMOS transistors T3 and T4 as illustrated in Fig. 1. In this embodiment, the 
source of transistor T2 is connected to the reference voltage VREF at I/O terminal 105, 
the drain of transistor T2 is connected to the source of transistor Tl, and the drain of 
transistor Tl is connected to the transmission switch output 115. Similarly, the source of 
transistor T4 is connected to I/O terminal 105, the drain of transistor T4 is connected to 
the source of transistor T3, and the drain of transistor T3 is connected to output 1 15. As 
will be appreciated by those skilled in the art, because of the symmetry of standard MOS 
transistors, the designation of source and drain in transistors Tl, T2, T3, and T4 is not 
critical, but rather is used above for ease of description. 

As also shown in Fig. 1, a pull-up PMOS transistor T5 has its drain connected to 
the drain of transistor T2 and the source of transistor Tl, while the source of transistor T5 
is connected to a voltage supply VCC_DED that is specifically dedicated to switch circuit 
100. A pull-down NMOS transistor T6 has its drain connected to the drain of transistor 
T4 and the source of transistor T3, with the source of transistor T6 being connected to the 
most negative supply reference VSS. As described below, when transmission switch 1 10 
is off, transistors T5 and T6 may be used to help isolate any overshoot or undershoot at 
I/O terminal 105 that may result from signal reflections or other causes. 

Referring still to Fig. 1, logic level shift circuit 120 receives a master 
VREF_CONTROL signal at its input 122 from a logic device core (not shown) and the 
dedicated supply signal VCC_DED. Logic level shift circuit 130 receives an inverted or 
complementary version of the VREF_CONTROL signal at its input 132 and the I/O 
supply signal VCC JO. In the illustrated embodiment, VREF_CONTROL is provided to 
input 132 via an inverter 125, but, alternatively, a complementary control signal may be 
generated in the logic core and then provided directly to circuit 130. As shown, the level- 
shifted control signal at the output 124 of logic level shift circuit 120 is provided to the 


gates of NMOS transistors Tl and T2 and PMOS transistor T5. The level-shifted control 
signal at the output 134 of circuit 130 is provided to the gates of PMOS transistors T3 
and T4 and the gate of NMOS transistor T6. 

Since the logic device in which switch circuit 100 is provided may operate 
5 according to different I/O standards, the level of VCC JO may vary depending on the 
standard, for example from 1.5 V to 3.3 V. The level of the VCC_DED supply signal 
may be greater than the lowest VCCJO level for any voltage-referenced standard and, in 
one particular embodiment, VCC_DED is at least about 2.5 V. As described further 
below, having the dedicated VCC_DED supply higher than low power VCC_IO levels 
10 allows transmission switch 1 10 to more effectively pass the VREF signal when gate 1 10 
is in a low impedance (on) state. 

One possible implementation for each of logic level shift circuit 120 and logic 
|.A level shift circuit 130 is shown in Fig. 2. Each circuit 120 and 130 includes two NMOS 

transistors T7 and T8, two PMOS transistors T9 and TIO, and an inverter 150. The source 
ly 15 of transistor T7 is connected to the negative supply reference VSS, the drain of transistor 
Cj T7 is connected to the drain of transistor T9 at a node 160, and the source of transistor T9 

is connected to the supplied power signal, i.e., VCC_DED in circuit 120 and VCC_IO in 
circuit 130. Similarly, the source of transistor T8 is connected to VSS, the drain of 
transistor T8 is connected to the drain of transistor TIO at a node 170, and the source of 
20 transistor TIO is connected to the supplied power signal VCC_DED or VCC_IO. The 
input 122 or 132 to logic level shift circuit 120 or 130, respectively, is connected to the 
gate of transistor T7 and, through inverter 150, to the gate of transistor T8. The gate of 
transistor T9 is connected to node 170, while the gate of transistor TIO is connected to 
node 160. The output 124 or 134 of logic level shift circuit 120 or 130, respectively, is 
25 the signal at node 170. In the illustrated embodiment, the output 124, 134 is taken after 
first passing the node 170 signal through a pair of inverting buffers 180 and 190. Buffers 
180 and 190 are powered by VCC^DED in circuit 120 and by VCC JO in circuit 130. 

Referring again to Fig. 1, in response to the logic level shifted control signals 
output by circuit 120 and circuit 130, transmission switch circuit 1 10 generally operates 
30 to selectively pass the reference voltage VREF to a VREF bus 118. Bus 1 18 is in turn 
connected to an input of each input buffer 140 of the logic device, while the other input 
of each buffer 140 receives an input signal from an I/O terminal 145 of the logic device. 
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A more detailed description of the operation of reference voltage switch circuit 100 is 
now provided. 

The logic core that generates the VREF_CONTROL signal is typically powered 
by an internal supply signal VCC_INT (not shown), so that the two logic levels of the 
5 VREF_CONTROL signal are VSS and VCC_INT. (Although a high logic level signal in 
a CMOS logic circuit will typically be slightly lower than the VCC supply signal 
powering the circuit due to a small voltage drop across a pull-up PMOS transistor, for the 
purposes of the present description this small voltage drop will be ignored.) Since 
VCC_INT is often different - typically lower - than the VCC JO and VCC^DED supply 
10 levels, level shift circuit 120 is used to shift the logic level of the signal at input 122 from 
VCC_INT to VCC_DED and level shift circuit 130 is similarly used to shift the logic 
level of the signal at input 132 from VCC_INT to VCC_IO. In particular, when circuit 
1.:^ 120 has a low signal at its input 122, transistor T7 is off while transistor T8 turns on. This 

P pulls the voltage at node 170 low, i.e., to VSS. Transistor T9 is also turned on by the low 

ly 15 signal at its gate, pulling node 160 to the VCC_DED level so that transistor TIO is off 
and node 170 is isolated from VCC__DED. As a result, when the input 122 is low, the 
output 124 is also low. Similarly, when the input 132 is low, the output 134 is low too. 
On the other hand, when the signal at input 122 is high (i.e., at VCC_INT) 
lI transistor T7 turns on, while transistor T8 is off In this case, the voltage at node 160 is 

O 20 pulled low, turning transistor TIO on and pulling the voltage at node 170, and hence at 
B output 124, to the high level of VCC^DED. Transistor T9 is turned off due to the high 

voltage at its gate. Consequently, circuit 120 shifts the VCC^INT logic level at input 122 
to the VCC_DED at output 124. In an identical manner, level shift circuit 130 operates to 
shift a high VCC_INT logic level at its input 132 to the VCC JO logic level at its output 
25 134. It will be appreciated that to ensure that transistors T7, T8, T9, and TIO in each of 
circuits 120 and 130 are sufficiently biased when tumed on, the magnitude of the 
threshold voltages of T7 and T8 may be substantially less than the level of VCC_INT and 
the magnitude of the threshold voltages of T9 and TIO may be substantially less than 
VCC_DED or VCC_IO, as appropriate. 
30 Turning now to the operation of transmission switch 1 10 in circuit 100, when 

VREF_CONTROL is low, the gates of NMOS transistors Tl and T2 receive a low signal 
from circuit 120 as described above. Therefore, transistors Tl and T2 are off. Also, when 
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VREF_CONTROL is low, the gates of PMOS transistors T3 and T4 receive a high 
signal, at the VCCJO level, from circuit 130. Therefore, transistors T3 and T4 are also 
off, and transmission switch 1 10 is in a high impedance state with any signal at the VREF 
I/O terminal 105 being effectively disconnected from VREF bus 118. Thus, the logic core 
5 may be programmed to set the VREF_CONTROL signal low when using an I/O standard 
that does not require a reference voltage, such as TTL or LVDS. In this case, for 
example, bus 118 may be tied to VSS for single-ended input I/O standards or 
discoimected from input buffers 140 for differential input I/O standards. 

Also, when VREF_CONTROL is low, PMOS transistor T5 tums on since its gate 
10 is low, and therefore the voltage at the drain of transistor T2 and at the source of 
transistor Tl is pulled high to VCC_DED. Consequently, even if the voltage at I/O 
terminal 105 drops below VSS during an undershoot condition and causes transistor T2 
to turn on, transistor Tl remains off since its gate-to-source jxmction is securely reverse- 
p biased by the high voUage at its source. Similarly, NMOS transistor T6 also tums on 

iU 1 5 when VREF_CONTROL is low and therefore the voltage at the drain of transistor T4 and 

-J 

at the source of transistor T3 is pulled low. Thus, if the voltage at I/O terminal 105 nses 
above VCC_DED during an overshoot condition and causes transistor T4 to turn on, 
transistor T3 still remains securely off since its source terminal is held lower than its gate 
terminal. 

£□ 20 As described above, in one embodiment transmission switch 1 10 is a CMOS 

transmission gate. A basic CMOS transmission gate includes an NMOS transistor in 
parallel with a PMOS transistor where the gates of each transistor receive complementary 
signals. With a transmission switch formed by a single NMOS transistor, there may be a 
considerable voltage drop across the transistor when the voltage at the transistor's source 
25 is high, i.e., near VCC, but there is only a small voltage drop when the source voUage is 
low, i.e., near VSS. Similarly, with a transmission switch formed by a single PMOS 
transistor, there may be a considerable voltage drop across the transistor when its soiirce 
is low, while there is only a small voltage drop when the soxirce voltage is high. 
However, when an NMOS and PMOS transistor are combined in parallel in a CMOS 
30 transmission gate, the voltage drop across the transmission gate is greatly reduced since 
the smaller of the two voltage drops for a given input voltage effectively determines the 
drop across the gate. In the embodiment of the invention described above, transmission 
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switch 1 10 includes two series-connected NMOS transistors in parallel with two series- 
connected PMOS transistors. Having two NMOS and two PMOS transistors in gate 110, 
in combination with transistors T5 and T6, enables any overshoot or undershoot at the 
VREF I/O terminal 105 to be isolated from the VREF bus 1 18 and the remainder of the 
5 logic device. 

The threshold voltage Vt of a MOSFET transistor, generally defined to be 
positive for a NMOS transistor and negative for a PMOS transistor, is the lowest gate-to- 
source (or source-to-gate) voltage that causes a substantial current to flow through the 
transistor. In effect, the transistor turns on when Vgs > Vt for an NMOS transistor and 
10 Vsg >| Vt| for a PMOS transistor, where Vgs is the gate-to-source voltage and Vsg is the 
source-to-gate voltage. For the transistor to be off and have a low leakage current, Vgs « 
Vt for an NMOS transistor and Vsg «| Vt| for a PMOS transistor. The threshold voltage 
Vt of a transistor varies depending on a number of factors including the temperature and 
#i semiconductor process. Since the transistors in transmission switch 110 should be able to 

15 tolerate a high degree of voltage stress as well as have small leakage currents when 
transmission switch 1 10 is in the off state, the threshold voltages of transistors Tl, T2, 
T3, and T4 should have a relatively high magnitude. For example, the magnitude of the 
threshold voltages of transistors Tl, T2, T3, and T4 can be in the range of 0.3 V to 0.8 V. 
In addition, to ensure that the voltage VREF is adequately passed to the 
20 transmission switch output 115 when transmission switch 110 is on, it is desirable that 
Vgs for both transistors Tl and T2 be significantly greater than the threshold voltage for 
those transistors. As noted above, VREF is typically in the range of 0.7 to 1.5 V for most 
existing voltage-referenced I/O standards. At the same time, VCC_IO may be relatively 
low, e.g., 1 .5 V or lower, in such standards. For example, in the HSTL class I and II I/O 
25 standards, VREF typical may be 0.75 V and VCC_IO typical may be 1 .5 V. If NMOS 
transistors Tl and T2 are controlled (i.e., gated) by VCCJO, Vgs for these transistors 
becomes VCC_IO - VREF, which may be too low for transmission switch 1 10 to 
adequately pass the reference voltage at I/O terminal 105 in many instances. 

Consequently, in reference voltage switch circuit 100, the dedicated supply signal 
30 VCC_DED is used to power transistors Tl and T2 when transmission switch 1 10 is on, 
and the level of the VCC_DED supply signal may be selected so that it is greater than the 
lowest VCC_IO level in any voltage-referenced standard accommodated by the logic 
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device. In one particular embodiment, the level of the VCC_DED supply signal is greater 
than or equal to about 2.5 V, since for existing voltage-referenced standards this typically 
ensures that Vgs for each of transistors Tl and T2 is significantly greater than the 
threshold voltage of those transistors (assuming those threshold voltages are less than 
about 1 V)- More generally, with the flexibility of a dedicated supply voltage for 
transmission switch 110, VCC_DED can be set to any desired level that is necessary to 
ensure that VREF is reliably transmitted to VREF bus 1 1 8. Optionally, the VCC_DED 
supply signal may be shorted to the VCC_IO supply when VREF_CONTROL is low and 
transmission switch 110 is off. In this case, when VREF_CONTROL is low and PMOS 
transistor T5 tums on, the voltage at the drain of transistor T2 and at the source of 
transistor Tl is pulled high to VCC_IO. 

Although transmission switch circuit 110 may be a CMOS transmission gate with 
transistors Tl, T2, T3, and T4 as described, other transmission switches may also be 
used. For example, transmission switch 110 may be a basic CMOS transmission gate 
having a single NMOS transistor, receiving the output of circuit 120 at its gate, in parallel 
with a single PMOS transistor, receiving the output of circuit 130 at its gate. In this case, 
overshoot/undershoot protection transistors T5 and T6 are omitted. Alternatively, 
transmission switch 110 may have more than two NMOS transistors and/or more than 
two PMOS transistors. In another embodiment, the transmission switch may simply 
comprise an NMOS transistor, particularly where VCC_DED has a very high level so 
that the voltage drop across the NMOS transistor is low when conducting. More 
generally, it will be appreciated that circuit 100 and transmission switch 110 can be 
adapted for and implemented in IC devices based on other design technologies, such as 
NMOS or bipolar fabrication technologies. 

While the invention has been described in conjunction with specific 
embodiments, various alternatives and modifications can be made to reference voltage 
switch circuit 100. For example, inverter 125 may be removed, and the output 134 of 
logic level shifting circuit 130 may be taken fi-om node 160 in Fig. 2 ~ instead of firom 
node 170 as described above. In this case, level shift circuit 130 "shifts" a VSS logic 
level at input 132 to a VCC_DED logic level at output 134 and a VCC_INT logic level at 
input 132 to a VSS logic level at output 134. In addition, if VCC_INT and VCCJO are 
at the same or approximately the same voltage level, logic level shifting circuit 130 may 
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be omitted and the output of inverter 125 may be applied directly to the gates of 
transistors T3, T4, and T6. Such variations are merely exemplary, and nxmierous other 
alternatives, modifications, and changes will be apparent to those skilled in the art in light 
of the foregoing description. 
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